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[AH US] i|5m§!AH 

[§SSS] 0001 
[fllSSXH 2003.06.20 

[m<g°\ ssi ^ieh°M¥Ei 43 s§g D\\o\m. mmm sfe p^^i^ gi 

[SJS2I S^gg] DRAM MEMORY CELL HAVING A GATE CHANNEL EXTENDING VERTICALLY 
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3 Jl£ gojAI ^Xie °1S01§ 10BXI Ml -Park 1009 

§ 12 02s 

[^^j] KR 

[£92| S^S^I] CHOI, SI YOUNG 
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[^^j] KR 
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7)&<L3.^E.] ^2]O.S <g#^ Tfloje ^H^-i- ^^71-^ ^ ^ ZL ^12:^* 

^€ *11^<33°1 ^^Cf. ^°§<*-4 f^^M TflolB ^i^-ol 7>S^1€-^-. ^1 ol 

^>^r ^7) ^ofl^ ^11 3l 42 *g^€ 31 JE^#ol ZZ. £^§# 
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1020030040279 #^ 2004/1/5 

7]%o_S.^-E] ^°.S. 7flo]H *im# ^ c]^7l^ ^ ^ H ^^{DRAM 

MEMORY CELL HAVING A GATE CHANNEL EXTENDING VERTICALLY FROM A SUBSTRATE AND METHOD OF 
FABRICATING THE SAME} 

£ 2aTr £ 1^1 I-I* tffe} £ 1^3] ^Aloflofl 43 r^^ ^ H€*l^-I- 

^ 2b^ £ i$) n-n# 14^ #)«fl*l *fll ^*HH <4€- ^ € H^l^El 

.£ 9a^ £ 1^ I-I» 142} #l«fl^l X]2 ^H)ofl ttff ^ H# M-e^ ^ 

£ 9bfe £ 1^ n-n-i- W-s}- #l«fl^l t^si 2 *uhhi 4€- ^ q-n^ £ 

-£ 10 5. 13£- XI 2 4^ ^ -I B^^l^El^l Xl^^^r A 4. 
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1020030040279 #^ 2004/1/5 

<8> ^- S-^H^fl^l^Bi(MOSFET) ^ ^lS y o v ^°11 ^tr 33 , 7] 

<9> ^>o^ A^o. o^tiV^ 4l7>o| H 7ll- f^O^j 7fl^4. Zie^ul-, ^fl^^ ^ol7]- 

100 nni o]<5}-5. ^s]^ ^*fl ^(planar channel)^- £tt S.^ 3.^}^^ ^7}x] 

^ ^^H t^}^ ^4 >0 1 ^^cfl. °1 ^^-i- "#*fl\i JL4( short -channel effect)" 

h}JL trcf. <Hl^o_o]-ol S-^e^^^e^soi MOSFET)^- ^e]-&7]^ ^ ^ 3 ^ "^3. 

(bulk)" SiH^^liEifif ^ ^<£*fl( insulator )7> ^sq<H oicf. 

:10> B^^E-jo] jcfl^ cfl*}- TflolH^ *1H^€- ^^17171 ^ JE<^ ^ o] o]^t])o) 

H. S-^H?H^iEi (double-gate M0SFET) ^-Solcf. olf^lolH S.^H^fl^l^E^ 
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1020030040279 #^ ^*>: 2004/1/5 

^^^^^Jl 5, 844, 278 Jl ^S-^l ^(U.S.P. No. 

5,844,278 Titled "Semiconductor device having a projecting element region")^-S- ^fl^JL 

^Si^, 7flo]3 ^6\) <^^ ^o|5^ ^ ^Tfl 71^ 

— ^ ^ *Iff-7> Jl i^^l JRjSL ^UBf^ ^ Sl^T. #7fl7> 3M*r # 

71 2^7} #7l ##Jf^ iE^r ^"71 ^iH} #7>i ^-^£171 nfl 

elHefl4i(refresh)7l- .9.^-51^ ^^3 ^ H^^l^B^ ^ ^.H. ^Efi ^ 

^(off-state leakage current) ^ -*Hrtr ^°1 €-S-*l-i=f. 4^1, 4 v #tr 53 

cl^ ^7}^ ^ H^fl^l^o]] ^^.^o!] 

[^O] ol=j77> 71 2^1] 

^°1 °l^-^^f *Rr 7l^^ 4^11^ ^fl^JL^ ^^SlZL ^ ^ #Efl ^ ^ 
€ B^^l^B^ ^ ZL ^l^^^dl olcf. 
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1020030040279 #^ <£x}: 2004/1/5 

<15> #7l 7l#3 3^** ^*>7l £ ^ <£#^1 Tfloje 5fe 

4^ B^^l^Bil- *H^4. o] E^j^AE^ 71^5. ^-&| ^0.5. <2#^ ^£4, #7l 
^ i-Hl 3.^4. A o V 4 ^^^^4 ^%S\o] # 7 ] ^ #J j L.g. ^ole ^ 

^-o] 7^4-^4. #7l TllolB ^ ^ # 7 | ^ A >olofl 711 o]e ^^^ 0 1 ^fl^fl^cf. #7l Tfl o] 

H °<^4 iir^ ^ ^efl^l ^^o] <|^£4. 

<16> ^^1^ #7l #-*f 2>| aW^- ^71 ^4 #Jf6fl t§#^ Jl 5L^§ 

^4 -#4 ^4 J7 ^ofl ^ JE^f-i- X^tf. 44*1, #7l ^ #^f 2.^4 

4 *fl^<8^£r #4 3£4 ^iL4 ^ 51^44 &4. #7l 7} S.^#£r #4 4^°J 

<*H14 ^<a*> £^4^ ?M 4^344. 

<17> # 7 ] g S^7liEib 444^ #<*fl ^ ^lE^f^S ^4 ofli.2.oH 

4# #<*fl ^444 aV£*ll#-<15L 7m #<*|| ^€ *r &4. ^, #4 

^l^o^oVoT 7)^ ^<£# #ofl ^444, i£H 4^4 *KE*fl#4 ^4-°S <g#44 ^ 

€ *S= $14. #4 H314^44 ^3 7l^ofl <g#:g -o, # 7 1 TflolJH #^4 #71 ^ ^£4 

*J;JE^1^ £ 4 3 -2-3. ^<3€ ^ 544. 

<18> £ TgVtgofl 4= ^4^4^ #7] *fl^ °§<*i <5>-foll #71 7-1 £^f£4 ^ ^£.5. 

£^§4 £4 ^ u o v 4lKpunchthrough stop layer)-!- 4 £ff ^ $14. °1 *fl , -#4 £4 

^ «o V 4#^ 711 ©IB ^=-^4- ^ Jf^-ofl <g#£H 711 °1B. ^i^l 4*fl 4444 *ti^ 



25-9 



1020030040279 #^ 2004/1/5 

^7) 7l#^ *M1tF§: £ ^3-2.3. <S#^ TlM^ *H^* 

^-5}51, ^7) ^*6\) ^1 ^°J*>Z1, ^71 ^ofi ^2 ^ 

^*Hr S^th*. II ^4, #jjL i^V^ ^"71 ^ -^-tLofl^ 

^ *fl2 ^£ J7 £^§#o] ^ ^ J2 , ^-71 JI E^f Jgbflif 7-1 S^g^ol ?g 

«r 5M. A oM ^ 4H1 711 °1H ^^M: ^tH}. -*7l 71] o]e ^ ^ ^ 

2] ^» 7fjL^l 711 o]H #^M: ^^W. ^"71 TflolB ^ 0 ^^1 ^ 

^ 7}%<!) <H^g-# ^^cx} ^^!^ ^-g~fr ^ ^ Jl , ^"71 71^ ^ofl 

^"71 5^1 iA]^ Aj. 7 l ^<gnV Aj-O.^ ^ ^ ^ 

C^H, ^7} Tfl °1S #^M| ^*fl 7^HSl7l ^ ^B^H ^^^7> ^ 

°1M-fe ^-i: a o v *l*l-7l $)*}^ ^7} TllolE ^q-iLcf ^ <^^^ ^ ufl oil 7113 
Si*}. 

xlCf. ^-^1^, <^7H i7fl£l^ ^7>H1^ 7 flAl^ xfl-g-ol ^7^1-J7 <&#n<£ ^ °X$m ^121 

^t-HtII ^- ^ V ^^ ^Po^l ^ ^V7l ^«fl ^sh*!^ 7^014. £ ^ 
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1020030040279 <Q*}- 2004/1/5 

^ ^TlM- 3~fr Zf A>olofl ^o] 7W1 ^£ fll}. ;£*)H ^.Qj 

<23> 5. 1^ ^- ti>^*l: ^Aj^cHl uf^ v]^ ^ M-Bl-sa ^^£o]q-. 

84)4, #7l ^(54a, 84)^ 7>5.*l=fe tH v ^l #^(74, 104)-§: 5L^*]:4. 

^(54a, 84)^- SHS^ TflolH ^(74, 104H1 ^*fl /fl ojcrf^ 7 >^lcf. #7l TiHB 

*I^M-(74, 104) A>ol^ cgcd^ <8^(76d, 106d)°l #7l = efl^ 

°J^(76d, 106d)5l <£^o|| ^^(763, 106sH #7l tIMB *}^-(74, 

104) f>}^$] ^ ^^^(70, 100H ^^^cf. ^^1°>, #7] ^-f- J=efl*l 

(76d, 106dHl Hi Ejq-oiol <#7] ili ^l:(76s, 106s)^ z}-z}-ofl ^ sfl a] 7> ^ 

<25> ^ i^tgofl t^-s. C]3« 4^ ^KE^f^S. ^3. 71^01] ^ ^ ^- ^ Olrf. 

<26> £ 2a^ £ 1^ I-I* 4^ #)*fl^ £ ^11 ^HHl ^ A I 

1- M-bM ^s^l^-. 
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1020030040279 #^ ^*}: 2004/1/5 

5. 2a ^ £ 2b# % 1 -S*> 1 S, 7lJ&(50) #«fl *^^^^r ^«V^ ^7V£-3 4(56) *1 
^cf. ^71 #^^1 #7l 7l^r(50)^-¥-E-1 ^^^.5. <3#£ *(54)ol #7l ^ 

(54)^ *HVo} ^1 o]e ^^. (74) o] 7>S.x]^c}. AWE. #q-(74)-4 #7l ^(54) a> 

oHtt t^Mb *i<?!4(72H 7l]7fl^cf. #7l ^(54)^1 TflolB *i^-(74)JL5. ^ofl 
^ ^(70H *§#£4. ^, £ 4€- ^ ^ H^l^Ei^r 7l^O.S. -¥-B^ ^3lo. S 

<£#€ « ^^Sr 3Hr4. #7l *fl^ ^(70)^ #7l tIMh ^^-(74)21 *IH# ">^r ^ 
o.^*l B^l^B^} ^-^£]^^r nfl ^^S^ <^°14. 4€- H^^l^El^ 

£1(54)21 ^ ^(54)^1 44 tIHb ^JL AH-sKr ^7fl^ ^y. B€*l^ 

l-(sub-transistors)S ^H4^ ^ ^ 5£4. 44*1 , #41^ ^^*>Jl i 

^HM7l 7] #7l *HM <3<3(70)£ ?M 

344. ^4, ^"71 ^(54)^1 #JjL 5L*\tH -^-g--8r £?fl7} ^3<H #4 A^y H«4^4# 
°1 ^-gr34*H #7l #(54)3 5*13 ^ofl tg^s)^ 71^2=314^34 €"^3^ ^ 

H ^#°l «V^i§- - ^]*>7l 34<4 #7l *fl\| <3^(70)£r 443^S 5-<atb 

4*1 3, ^-7] #(54)21 ^ fiAjs] -^ofl^ ^ ^5=0} 
7l>«m3l4^44 --Bl^oj-c. ^ol Jl^tf. 444, #4 ^ °J^(70)^ JL 

(66a) 4 A £^#(64)# 3Lf-tb4. #7l JL £^§#(66a)^r 4?1 #(54)2} ^w. 
4tt #7l #(54)2} #-^1 S^^IjL, #7l 7] £ 3§^( 64 )o. ^> 7l ^ £ ^^ (66a) ^ofl 

#7l ^ ^(70) °o^^ #7} #(54) iflofl l-^l-^l ^^-^ ^ ^efl^I 

°1 ^^€4. #71 7]}°}^ 3^(74) ^>^ol cg^ofl ceflo] <^^(76d)^l ^#^lal, #7l 

^«(76d) ^ ^SL^ ^^(76s)<^1 ^#€4. ^J^- Q*}, #71 711 
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1020030040279 ^^ ^7}: 2004/1/5 

°1B €^(74)£- £1^(56)^ <#*f3. ^(54) ^€4. nJ-eM , #7] 

^l-^Sl^(56)4 9$q, ^ <#7] 711 o]e ^(74) ^.Cf ^ ^^Htt ^"71 Tjloje ^ 

^ *W7> ^12:^7} ^31- ^JE &tf. >£^o) H^l^E^ 

^l^M a o > 7 i Til 0 ]H ^^-(74)Jiq- ^ ^ t}H ^-71 7-1 £^^(64)^.cf ^ 



o 



-t^^ ^^l^ H J-^l#(punchthrough stop layer; 62a)^r c] ^f-^- ^ &!=t. 



<31> £ 3 -g. %V 2 .^ig > 71^(50)* 2flE^<5>cr| ^7} -g-ii) ^(52) ^ #7] ^JE^l 7} 

^-(50)^3. ^-Ei ^^i^S. ^(54)# ^^tri=f. aVJE^l 7l^r(50)ofl I^Vs}- 

^-^j-Jl, ^-71 aflTjsH ^(54)3] Sf-g- c-1 #H ^£ ojcf. 

<32> £ 41- #S*>^ , ^7l ^(54)^1 a> £ ^ 71^(50)^1 ^l^l ^ ^^*>JL, 

^•B]^-(56)^ a o v 7 ] Qo) <^ti.«. (54a) ol ^#^4. av 7 ) ^(54a) ^ 0 H1 tH^ ^sj- 
^(60)^ ^ 91^. 

<33> £ 5* #2^r , ^-7] ^(54a)* 7}&o\) ^Sr^r # 7 ] ^(54a) 

°>2fl°fl *fll °<3^(62)-gr ^^tr4. ^m^, ^-71 *fll <^(62)^ -g-^(B) 5Exr 

^^-§-^(BF 2 )l- 10 11 atoms/cuf 10 14 atoms/cm 2 10*5 atoms/cirf vfl 

*1 10 19 atoms/cm 3 ^£5. ^^r^ %o] ^frf. o] nfl f ^oj z]-^^ 0 ° ifl^l 10 ° S ^ 
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1020030040279 #^ ^7}: 2004/1/5 

<34> £ 6# #2:^, #7l 2^#£ ^(54a)£] #^1 lr^-#^ *fl2 

(64)^ ^^tbcf. ol nfl, ^A>ol^oj^^- ^ -g-sH *£#-8- ^<g#o_3.<H #7l Xl2 
<3«K64)£- ^#=1 ^ ^ofl 5-^^>7fl *r Sit]-. #71 Xl2 <3^(64)£r -g-^ 

(B) SE^- l:5l- : g-4i(BF2)# 10 11 atoms/ cuf tfl*] 10 14 atoms/cuf ^ ^SJ^H 10 15 

atoms/cm' xfl^l 10 19 atoms/cui ! ^£5. ^#l|- ^ 9lJL, z|£^ io ° ifl*l 45° 3. 

<35> ^2 °§<*(64)£r -#7} ^(54a)^ ^S\o] #71 XU 

°J^(62)3l- ^€ ^ 

<36> £ 7* #^^>^, #71 ^(54a)^l #-^-°fl Xl3 <^-g- 

^*VtJ-. #71 Xl3 lr^# <3^(66)^ ^-MB) SE^r ^^-±(B¥ 2 m 10 11 atoms/cuf tfl*l 
10 14 atoms/cuf ^ £S^o.S ^^^H 10 15 atoms/cin ! i-fl*l 1()19 atoms/cuf ^£3. *§#^ ^ 9X 
A. °1 «fl , ^ 0 ' tflxl io ' 3. ^ 

<37> #71 XI l <^(62), #71 XI 2 1-^1- <8^(64) ^ #71 XI 3 Ir^l- <^(66)£r 

^ 7>^lcf. #71 XI 1 ^^(62), ^"71 X12 1-^1- ^^(64) ^ #71 X] 

3 ^(66)^1 *l«r€ ^£ 

<38> 6.3. £ 8^r fe*}^, #7l XI 1 °J^(62)-^ #7l Xl2 ^^(64)^ 

A oM XI 2 <3^(64)iLT} 5L^§ ^5L# u <MfK62a)l- ^ 

W. A o v 7l XI 3 ^(66)^ #7l XI 2 ^^(64)4 f^^M #7l ^(54)^ #^- 

^ al 5^#(66a)* ^#tbtf. #71 X12 ^^(64)^ #7l Jl £^§#(66a) *HM #7l 

^(54aHl ^<£& 7-1 *g#t!:i}. H^l^E^ ifl ^ <3<*(70)£- #7l _n £^#(66a) 

^ #71 7-1 5^#(64)# 
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1020030040279 #^ <Qt-}: 2004/1/5 

<39> o)ofl C^H #7} tt}3fj ^BK60)-a- ^|7l«Vul, #7l ^(54a)^ 

TflolB ^^sV(72)# ^^*hol, -8-71 7flo]B ^^^"(72) ^-71 ^(54a)^ 

71-5.^1=^ TlMm ^(74)* ^ *l^r*fH, #7l TflolB ^(74)^ oj^og D>ia 

S. *}-8-*M ^-71 TflojE ^(74) <$4±o) #7} ^(54a) ^<Hl £iSL^ g ^3(763, 
76d)* 

<40> £ 9a^r 5. is] i-i-i- a]-e.> ^Sfl*! ^ yj-tgcq ^Al^ofl ofe ^bm M-T-q-yfl ^ 

<41> £ 9b^r £ 1^ H-n# 1421- ^*fl*l *fl2 ^*HH TXj-^ ^ ufEl-vfl # 

<42> £ 9a ^ £ 9b# ^S^S, ^1^71^(80) ^ nflS. ^<gnl- (8 2)ol 7 1 ^ 

^.5. <£^€ ^(84H ^^ltlr^-. A d-7l ^(84)^ Tflole ^^. (104) ol 

7>S.^1^-Cf. ^-71 Tfl^H ^^-(104)34 4>7l ^(84) AHofl^ TflolE ;g <£ ( 102 ) °1 7fl^fl^Cf. 

A oM ^(84)^1 Tfl^lB ^^-(104)^5. *}<^ Jf^-cHj ^ <3<*(100)°1 ^^^4. ^7l *Hg 
^(100)^r ^7} TflojE ^^-(104)^ ^HS *>^r B^^l^E-171- ^-^5)$* afl ^ • 

^d^^sl^ <^^o)cf. a o v 7 ) ^ fl ^ <3<*j(i00)£- -H 5^§fK88a)4 ^ £^(90)^8: A o v 
7] JL £^^(88a)-8r ^"71 ^(84)S| ^-Jf 5LA^f i^r}^ ^7} ^(84)^ ^(upper 
portion)^ ^^JL, ^-71 x\ £^^(90)^r #7l 51 5^§#(88a) ^ofl ^^^cf. 

<43> Aj-7] ^ <^^(100) °<Hh^ A oM ^(84) ifl*l) ^<y£)<>l ±SL£l ^ j=eflo} 

^(106s, 106d)<>] ^^^cf. ^"71 TllolH ^^-(104) a>o]o) cgc^j ^j§_ c e flo] <g<*(i06dH 
^7} ^ = eflo] ^^(I06d) <#^H1 ^ ^^.^ ^^(106s)c>l 
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1020030040279 %^ <aj*>: 2004/1/5 

<44> £ 10 ifl*] £ 13-°r -g- ^2 ^A]oflc»j| O)-^. <g B^fl^iB^ ^^wj-^^- >g 

<45> £ 10-1: ^-2:§>^, *l*l7l#(80), »m ^<3^(82) ^ *K£*fl#°l ^#=1 7l#£| #7] 

«LE*fl^a- 3fl^^*H ^£-3. <3#£ ^(84)^- S^tf. #7l ^(84) a};*}^ 
*<H^ *r ^ <M#SHo^ £ ^ ^.g. n ^-gr M ^ 9X 

4. #7l ^(84) ^oHl #3^(86)* 3 ^£ 

< 46 > £ no. % V S ^ ) a o v 7 ) ^(84)^1 #Jfojl Ir^-g- *fll ^ tb 

4. #71 2fll <3^(88)£- -g-ih(B) 3^ i-^-g-^(BF 2 )« 10 11 atoms/crf tfl*l 10 14 

atoms/cuf 3] S^^S. ^r^M 10 15 atoms/citf xfl*l 10 19 atoms/cuf ^ &cj-. 

<47> £ 121- #71 ^(84)21 ^ofl Ir^l-^- ^2 ^^ (90) o. ^ 

#3r4. #71 ^12 <3°3(90)^r ^M^r^ (oblique ion implantation)-!: 

#7l &(84)s) ^ofl -g-^ ^513. Ir^l-ol ^ o^^tf. 

<48> #71 ^112 °J°3(90)^ ^i(B) SL^r l-sf-§-i(BF 2 )# 10 11 atoms/cuf vfl*l 10 14 

atoms/ciif 21 ^r^sM 10 15 atoms/citf vfl^l i()19 atoms/cm 1 -o^£5. *r &*=K 

°1 nfl, ^ zj-SL^r 10 * ifl*l 45 ° S ^ 514. 

<49> #71 2111 *fl2 lr^# ^^(88, 90) £ =L $^£>H# y}^- ^ £ &t).. ^ ^aHI^ 

^3 2112 ^aHHI uj-sTg # 7 | ^(84)^ #7l ufl-§- *3<2b|(82) #^ ^^s)7l ufl^-oll £*1^ 
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<so> ^sf^^s. 5. 13-g- ^S^MS, ->&7) 2)11 Ir^-i- <3^(88)£- #7l *fl2 ^^(90)4 

Jl 5L^§ #(88a)* S^SfclL, #7] *\}2 °J^(90)^ 5^tb ^ 

^ JE^gf^g- H^l^^ ^^(lOO)^ -8-71 Ji 51^ §K 88a) 3 ^ 5L^§# 

(90)* 5L^4. 

<5i> ojo^ £ a1§>^1^ ^^1^>, <#7] u]*\^^m)-§r ^1>|^>^L, #7l ^(84) TlM 
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